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S U B I M A R P  

This  pcper descr ibes  a p a r t i c u l a r  case of problems of hydrody- 

nanic t i ie04 of cloud spstems ayFlying i t  t o  t w o  cloud models, and 
der iv ing  tLe respec t ive  formulas. 

* * +  
One of t he  current  problems of dynamic meteorology is the c rea t ion  

of a d e t a i l e d  hydrodgnanic theory of separate clouds and cloud systems. 

';:hen creating such a theory, oze nust take into account that independently 
f rogwhether  or  not  the cloud shifts, there takes place i n s i d e  i t  an I 

t h e  motion outs ide the cloud m a 3  be considered in our problem as adiabat ia .  

i n t ens ive  air notion. T h i s  motion may be t raced  88 pseudoadiabatic, while 

The boundary of the cloud is not known in advance and i t  must be determi- 

ned alongside with the  so lu t ion  of t h e  problem i tself .  
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Let us l i m i t  ourselves at the  moment t o  the  ca6e of a llfixedft 

I 

I 
1 

cloud, and  l e t  u s  consider the s t age  of development of t h e  cloud, when 
the  process may be considered as s t a t iona ry ,  t h a t  is t he  stage of deve- 

loped cloud. The motion, concomitant t o  the  cloud, w i l l  be considered as 
axispnmetrical. The equations of motion w i l l  be taken i n  t h e  form ( t h e  

systen of coordinetes being cp l ind r i ca l )  : 
.A. 



E e r e  a is t h e  a l t i t u d e  above t h e  Zarth's s u r f a c e ; r  is t he  i-stance 

from the a x i s  of symzetry; u , $ ,  ut a re  respec t ive ly  the  ve loc i ty  com- 

ponents a lon?  the axis r, t h e  c i r c l e  and the v e r t i c a l ;  TI is the  t e m -  
perature T de f l ec t ion  f ron  its value T,(m> at g rea t  distance from t h e  
cloud; g is t h e  c a v i t a t i o n  acce le ra t ion ;  Tm is t h e  mean temperature 
of the air column; @ is t h e  geopotent ia l ' s  def lec t ion  from its standard 

value ; ya is  t h e  adiabatic .=adient : y = -dT , /dz  = const; e = 1 Seyond t h e  

cloud; 

with,  a t  t h e  same t i r e ,  

[see (l)], where cp 
k - t he  h e a t  capac i t i e s '  r a t i o ;  L is the  l a t e n t  condensation hea t  *; 
p , ( t )  
is the  standard density.  

is  t h e  heat capaci ty  of t he  air at constant -peesure; 

i s  ti-e s t a n d a r d  pressure; P is the  pressure at 6ea level;  f,(t) 

The system (1)- (5) has four i n t e g r a l s  which may be constructed 
after the  current  funct ion v h a s  been introduced by way of (4) from t h e  

e q u a l i t i e s  

* Only tne  presence of t h e  l i q u i d  phase is assumed. The gene ra l i t a t ion  
t o  the case when the  s o l i d  phase i s  a l s o  present  may be made eas i ly .  



"hen, a c c o r d i n g  t o  ( 5 1 ,  we may write 

- 
where fl ar.d f l  me a r b i t r a r y  funct ions of 9 ;  finally, by way of ex- 
c lusion of @ ,  we siiall obtain outside the  cloud 

(p= PO~,(Z) : P C O ( ~ ) ) ,  +ere  f3 is a new a r b i t r x y  funct ion of y 9  and an 
as:.l?o -;us ec;:uztion for t h e  cloud w i t h  s u b s t i t u t i o n  of f3 by 3, 
function).  The fourth in t eg ra l ,  t h a t  is the  Bernoul l i  l a w ,  is not writ- 
t e n  out. 

(new 

In the  following we s h a l l  assume t h a t  the  boundary of t h e  cloud 
will be deternined by one of two condi t ions :  e i t h e r  this 3.8 the sur- 

face,  h t e r s e c t e d  by the  current  l i n e s  and which separa tes  the"reg ion  
of saturation fro3 that, where vapors do not saturate the  space (ttlowerlt 

bourdzryl , o r  i t  is the  surface of t h e  current ,  on which y = const - 
("up-jertt bouncary), On t h e  lower boundpsy, w e  s h a l l  write t h e  s a t u r a t i o n  
c o n d i t i o n s ,  which w i l l  be  represented in the form [see (111: 

at  t h e  sane t i n e  If= 20,2: Tm;to = T O -  - 273; TO is t he  temperature at t = 0 

fnr off the  cloud; we t h e n  eytinate t h r t  the s:lecFfic mi s tu re  9m far 
o f f  t h e  cloud is r-iven by tlie funct ion q,=qoexp (-h), where qo and 
I' are constants. 

A s i d e  from (lo), we s h a l l  requi re  at t he  lower boundary : a) t he  

continui?.? ol' tsmnerature t r m s i t i o n ;  b )  the  cont inui ty  of vortex t r a n s i -  
tlan ah / ar - i h ~ / h z ;  

of ?$/a, -  t r ans i t i on .  

c)  the cont inui ty  of '4' t r a n s i t i o n  ; d) t h e  con t inu i ty  



4. 

The condition a) a l l O w 6 ,  by (71, (8) and (111, t o  link 2, and f l :  

f3 and f Ihe cocCitioa b) w i l l  i n t e r r e l a t e  by (9) a d  (13) : n 
3 

f s  (\P) = f 3  (9) + (mfi + S) mn dfi  a+, 

n = i -  (emva - V) I (ya - Y) = ( ~ a  - e&,) / (y. - y )  

(14) 

(15) 
where 

(; may he p r a c t i c a l l y  considered as constant) .  
Let u s  now r ewr i t e  (9; iii t 3 e  f i n a l  form, introducing the  dimension- 

l e s s  quar - t i t i es  $, 2, F, E, 5, @, f ,  S, F, @ from the  e q u a l i t i e s  

- 
q0p = $, 112 = Z, 117 = r, flr = f,, UnF = fi, 

HYD = f3$0, IiS = s, uii = u, uz = v, UI = u& 

rpo = r i v m ,  - y) I T,, u = lpo IIP *; H = RT, ig .  
- 

A t  the same time, we est imate  that 7 = exp (- 'E 1, and we &all, i n O r O & ~ C q  

moreover g= 1 -ez.  W e  s h a l l  obtain, dropping the  s t rokes  above the  le t -  
t e r s ,  

- - 

(17) = 0 + - d f  prt"nf + mnS + (1 - mn) 21 -- i dF 
d\p r f  '-* 

It rei.:ains t o  select f ,  F and @. 
Let us l k i t  ourselves t o  the  examination 

of two models: a cumulus cloud model, and a mo- 
del of the c e n t r a l  part of a typhoon. 

i- 
For a cumulus cloud F S O .  W e  choose 

Fig. 1 
@ = -f clf I a), f = 'I2 - q 2 y m 1 p  

=der the cloud, and 

f = 4 2  + ' 1211  + 49 
above the cloud. 

The boundary of a s t a t iona ry  cloud, responding t o  the so lu t ion  of 
(16) and (17) f o r  m = 4 ,  n = 2.25, S2 = 0.5, is schematically shown in Fig .1 .  



A t  conputations we assume f t1, and at the  same time we bound t h e  atmo- 
q h e r e  from above by a w a l l  of height h 
quant i ty  RT,/g. To the  r i g h t  of' t h e  point A 
we have descending currents ,  t o  t h e  l e f t  - 
t h e  ascending ones. Tho s h p p  of t h e  clouds re- 
m i n d s ~ ~  of t i e  pa t t e rn  of elongated clouds 

of good weat3er. 

inversion"); h r ep laces  t h e  

For a typhoon (Fig. 2) we  assumed, under 
h 

. I  I - 2  3 
the  cloud and above t h e  cloud, r e spec t ive ly :  

0 = 
r -  

I; = - a$-/ -- (az + q z ) ,  1 q / Clq7; j = 1/2 -- i/,yl+ 4\t, 
and 6-6 2 

f = -4 + W l  + 43, . -  
I n  Tig.2we represented schematically t h e  boundary of the  cloudinese 

(approximate so lu t ion  of (16) and (17) at m = 0.8, n = 1.25, S r 0.15, 
a= and 0 ~ 3 . 9 4 .  W e  again assumed Q = 1, and ins t ead  of H we 

took h ( I 1  tropopause"), The shape of t h e  %ye of t h e  storm*', of the "anvil" 
and of certain o ther  d e t a i l 6  general ly  agreeswell with t h e  o b s e r v a t ~ .  
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